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The contents of this report reflect the views of the Division of New
Technology, Materials and Research which is responsible for the facts and
the accuracy of the data presented herein. The contenfs do mot necessarily
reflect the official views or policies of the State of California or the Federal

Highway Administration. This report does not constitute a standard,

specification, or regulation.

Neither the State of California nor the Unifed States Government endorse
products or manufacturers. Trade or manufacturers' names appear herein
only because they are considered essential to the object of this document.
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SI_ CONVERSION FACTORS

To Convert From To - Multiply By
. ACCELERATION
fi/s2 m/s2 0.3048
i AREA
- ft2 m?2 0.0929
ENERGY
ft.1bf Joule (J) 1.3558
FORCE
1bf Newton (N) 4.4482
LENGTH :
ft m 0.3048
in m 0.0254
in cm 2.5400
MASS
1b kg 0.4536
PRESSURE OR STRESS
psi Pascal (Pa) 6894.76
VELOCITY
mph km/h 1.6093
ft/s m/s 0.3048
Page i
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1. INTRODUCTION
Page 1

1.1 PROBLEM

Since the early 1970's, head light glare from opposing traffic has been of concern to traffic
engineers. The standard material now used to screen glare in California is an expanded
metal mesh mounted on top of concrete median barriers between opposing streams of
traffic (1). This glare screen is only installed on barriers in medians that are less than 20
feet in width, to shield driver's eyes from the headlight glare of oncoming vehicles (2).

In the mid 1980's the Division of Highway Maintenance concluded that the amount of time
spent maintaining expanded metal mesh was excessive and exposed maintenance personnel
and the traveling public to potential traffic safety hazards (see §1.3). The glare screen in
the narrow medians appeared to be easily damaged by repeated wind gusts from passing
trucks, wind, vandalism, roadway debris and vehicle impacts. The Division initiated a
value engineering study into how glare screen maintenance concerns could be reduced (3).

A Caltrans value engineering team determined that "maintenance forces have to repetitively
devote large amounts of time repairing glare screens in specific areas". The team
recommended that the expanded mesh glare screen be replaced with a reinforced concrete
glare screen because of its greater strength and durability, its excellent glare protection, its
low maintenance, and its added barrier protection. A concrete glare screen design needed
to be crash tested to verify that it would not increase any safety concerns in an automobile
crash.

1.2 OBIECTIVE

To design and crash test a retrofit concrete glare screen (CGS) slipformed on top of an
existing safety shape concrete median barrier (CMB), to be qualified for use on California
State highways. This design, when adopted and implemented, would replace one using
expanded metal mesh glare screen mounted on top of the CMB,

1.3 BACKGROUND

The Chief of the Caltrans Division of Highway Maintenance initiated a value engineering
study to improve the adequacy of the current design because of the large amounts of time
maintenance forces were spending on the repair of glare screens in some areas. The stady

www . fastio.com


http://www.fastio.com/

1. INTRODUCTION (Continued)
Page 2

fitfled * Value Engineering Study of Glare Screen High-Maintenance Areas in Califorma
(2), was presented to Caltrans management October 28, 1986,

The study team determined that the CGS would improve the expanded mesh glare screen
'cmrently in service in the following ways:
«Better structural integrity,
«Better resistance to wind, vehicle and pedestrian damage,
*Less maintenance time expended, and
*More aesthetically pleasing glare screen when broken.
The team identified at least 40 miles of barrier with glare screen that required "high”
maintenance. This Tepresents about eight percent of the glare screens now in place in
‘Cahforma With transportation funds dwindling and traffic increasing, the state must build
'h1ghway appurtenances that have low maintenance requirements in order to:
| «Keep maintenance costs low.
*Reduce maintenance worker exposure to traffic.
«Reduce length of time and frequency of lane closures.
-Rcdﬁce traffic exposure to work zones.
After studyﬁg numerous glare screen designs and materials, the study team concluded that
CGS should be used in high maintenance areas. CGS was seen as having the following
. advantages::
3 'Strong, durable and weather-resistant,
Common construction material easily used by contractors and maintenance
personnel,
L ess frequent need for repairs,
*Lower life cycle cost than metal mesh over a 20 year period,
- «Excellent glare protection, dependent only on sufficient height,
eIncreased structural integrity of CMB,
+Cuts off visibility across medizn, thus eliminating rubbernecking during accidents,
. road construction, etc:
:The main dlsadvantages to the use of concrete appear to be:
' -Higher construction cost than metal mesh,
oLack of visibility across median at right angles to traffic flow which is sometimes
needed for surveillance by traffic officers. The California Highway Patrol has
advised us however that they support the use of the CGS.
“The studjr team surveyed several state's glare screen standards. Nine states were switching
from metal mesh to concrete. No maintenance problems were reported.
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Following the study team evaluation, the Divisions of Highway Maintenance, Traffic
Operations and Structures requested that a CGS be designed and crash tested for early
implementation in California. A glare screen height of 52 inches was recommended by
Traffic Operations. Two glare screen designs were produced for potential testing.

1. Type SOR. Retrofitted glare screen slipformed on top of existing 32-inch
high Concrete Barrier (Type 50) (California New Jersey profile CMB) for
an overall barrier/glare screen height of 52 inches. (Figure 1)

2. Type 55 GS (Figure 2) Full-height concrete barrier and glare screen
slipformed in one operation with a 52-inch height. The slope at the base of
the barrier conforms to a configuration F. The width of the base is 24
inches and the barrier is substantially reinforced. NCHRP Synthesis of
Highways Practice 66, "Glare Screen Guidelines", December 1979 (2),
recommends a minimum glare screen height of 50 inches and states that
crash tests are warranted on concrete barrier/glare screens over 32 inches
tall,

Since 1975 the State of Michigan, Department of State Highways and Transportation has
been capping its concrete barriers with satisfactory results according to Mr. C.M. Ellis,
Construction Staff Engineer. The concrete cap extends above the barrier 19 inches and

functions as a glare screen. The cap is slip formed or cast in place over dowels and a
longitudinal #4 rebar (5).

Two concrete barrier slipform equipment companies and one barrier contractor were
questioned about the feasibility of slipforming concrete glare screen. Slipforming is
expected to be much less costly than cast-in-place or precast concrete designs.

1.4 LITERATURE SEARCH

A TRIS literature search was conducted by the Division of New Technology, Materials and
Research Library staff. A total of 41 references on glare screen were listed but there did
not appear to be any reports on vehicle crash tests of CGS. Most reports were on
expanded metal and louver type glare screens. The NCHRP Synthesis of Highway

www . fastio.com
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Practice 66, "Glare Screen Guidelines” (4), was useful in checking for good glare screen
-geometry: : ;

‘One repoit (5) was done on a non-vehicle impact test. In that test a CGS 19 inches tall was
f_cast on top of a concrete safety shape barrier with 1/2"f x 15" dowels at 45 inches. The
glare screen was impacted with a 2000 1b wrecking ball at unknown kinetic energy levels
‘and unknown velocities and angles. The bumper of the concrete mixer truck was used to
determine the elevation for the ball to strike the glare screen.

‘{"1'113 Caltrans standard 32-inch (.81 m) high CMB can obstruct some glare. The use of this
‘barrier on projects involving widening into the median often results in glare control on
curves because of the differences in elevation which requires taller barriers. Some other
states have extended the height of the standard median barrier; New Jersey has used 2
“height of 42 inches (1.07 m)‘ by adding 10 inches (0.25 m) above the standard median
barrier. Michigan adopted a helght of 52 inches (1.3 m) by adding 20 inches (0.51 m) to
-f’the standard barrier.
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Figure 1: Typical CGS (Type 50R) Cross Section

ChbPDF - www.fastio.com


http://www.fastio.com/

1. INTRODUCTION (Continued)
Page 6

¢ BARRIER

5" |5 8"

fﬁ 5[] @

L—  #4 (tot. 2)

=~ #4.@ 8 (tot. 8)

44
' - #5 [\ @15
3|_4u y i
AS
?\/
_11
7 #5 (tot. 2)
Y \W
-k
Yy v 94 FINISH GRADE
=z | NN
l: -

Figure 2: ':Typical CGS (Type 50GS) Cross Section

R

ClihPDE - wivw fastio.com


http://www.fastio.com/

ClibPDF -

2. CONCLUSION
Page 7

"Based on the results of two venicle crash tests on a CMB with a slipformed CGS the
following conclusions can be drawn:

www . fastio.com

The barrier as tested, is structurally adeguate to meet our present standards
as specified in NCHRP 230 (6) including both the strength and stability
requirements.

Large passenger vehicles can be smoothly redirected by the barrier with
satisfactory occupant risk factors, per NCHRP Report 230 (6).

The CGS has the structural integrity, to fully contain an impact of a 5400 Ib.
(2449 kg) vehicle at 60 mph (26.8 m/s) 20 degrees with no evidence of
structural distress or debris generation (including debris from vehicle).

In both tests, the exit speeds and angles of the vehicles met NCHRP Report
230 (6) requirements. The vehicle post impact trajectory resulted in a
smooth redirection of the vehicle back toward the concrete barrier.

The two impact tests showed that the slip-form construction of concrete
glare screen to a total height of 52 inches is feasible and that the completed
product has considerable structural strength. There is need for tight control
of the slump of the concrete mix with existing construction equipment. The
CMB/CGS should provide long life and low maintenance usually associated
with structural concrete.

Some safety enhancements may result from the additional height and
strength of the CGS. For example, depending on the speed, weight and
angle, an errant vehicle might be somewhat less likely to climb over a CGS
equipped barrier.

There is zero penetration of vehicle parts beyond the face of the CMB/CGS
structure.
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3. RECOMMENDATIONS
Page 8

1. I adopted, and subject to field review and study, the CGS 1S Tecommended for use
with CMB in locations where review and study indicate that installation of CMB/CGS
"mlght be useful

2 Attention should be given in the slip-form operation to the required amount of

'concrete slump
 ‘3 . In future mstallauons, eliminate the nse of #5 "hoops" and use single, straight #5

dowels on top of the barrier. This will reduce the restriction to the flow of concrete, hence,
prov1de bett_er concrete consolidation.
4, Eliniinate the chamfer at the bottom of the glare screen. Place and finish the
concrete ﬂdéh with the face of the existing CMB that fills in the chamfer at the top of the
CMB. This will give a wider structural section at the bottom of the glare screen and give it
a "cleaner" appearance.
6. The "'.I'ypc 55GS concrete barrier and glare screen (52-inch high barrier slipformed
in one pass) does not need to be crash tested because the geometry is almost the same as the
_ Type 50R, thch was tcsted, and it is stronger than the Type SOR by inspection.
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4. IMPLEMENTATION
Page 9

"The Division of 1raific Operations will be responsible for preparing and adopting standard
plans and specifications with input from the Division of Structures and the Division of New
Technology, Materials, and Research. The Division of New Technology Materials and
Research has produced a videotape showing glare screen construction and the impact tests.

. The videotape can be used to familiarize Caltrans personnel and others with the new
design.

sl
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5. TECHNICAL DISCUSSION

: Page 10

- 5.1.1 . Test Facilities

The two inipact tests were conducted at the Caltrans Dynamic Test Facility in West
S acramento; California. The tests were performed on a large flat asphalt concrete surface.
The test barrier was placed on the pavement. There were no obstructions nearby except for
a five-foot to six-foot (1.5 to 1.8 m) high earth berm about 90 feet (27.4 m) downstream
from the test barrier, and a simulated bridge deck with no rail and a trench on the far side.

5.1.2  Test Barrier Design

The Type SbR barrier which was crash tested was a standard Caltrans slipformed CMB
"'(Concrete'Barrier Type ‘50) retrofitted with a slipformed CGS on top. The barrier design is
shown in Figure 1. The barrier design was a joint effort by the researchers and personnel
from the Caltrans Division of Structures. A California barrier contractor with considerable
fgﬁpforming "experiende advised the researchers that it would probably be feasible to
glipform a CGS on top of a CMB. |

The CGS wis lightly reinforced. Minimal reinforcement was needed to anchor the CGS to
';the existing CMB and to hold the CGS together if it was shattered during an impact by a
passenger \féhicle i.e., to prevent large chunks of concrete from flying into the opposing
f' lénes. Nevc;i'theless, the reinforcement could not be too congested so the concrete could be
properly vibrated and consolidated during the slipform operation. The reinforcing steel
was spec:lﬁcd to conformn to ASTM A615-60 specifications.

T'I'he CGS had a six inch width where it sat on top of the CMB, the same as the six-inch
| istem width ‘of the CMB. The CGS tapered slightly to a five-inch top width. Minimum
f{:taper was used to get as thick a CGS as possible for added strength and ease of
slipforming, but it was also thought that a slight taper was required to slipform the CGS
_j)roperly. The minimum concrete strength for the test barrier was specified to be 3000 psi.
Tt was intended that the strength not be too high so the test conditions would be
‘conservative.

'_)_'I'hc height selected for the Type 50R barrier was 52 inches: a 32-inch CMB plus a 20-inch
‘CGS. This is two inches higher than the minimum height recommended in the NCHRP
syntheses on glare screens (4). It is also higher than the vertical center of gravity height for

5t I )

N
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5. TECHNICAL DISCUSSION (Continued)
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Tost vehicles. It is questionable whether a CGS this thin could be much higher and still be
slipformed satisfactorily. :

Scuppers were included in the test barrier design to provide the maximum weakness to the
CMB that might be expected in practice.

5.1.3 Test Barrier Construction
The CMB and the CGS retrofitted to it were both constructed by the slip form method. The

test barrier was 150 feet long; the minimum length is 75 feet per NCHRP Report 230 (6).
The as-built plans for the barrier and the concrete glare screen are shown in Appendix D.

The slipforming machinery including the new mule used to slipform the CGS is shown in

Figure 3. The CMB was slipformed in one day. Slipforming was done in accordance with
Section 83-2.02(3B) of the Caltrans Standard Specifications (7). Installation of the CGS
on top of the CMB proceeded after the strength of the CMB concrete reached 3000 psi as
determined according to California Test Method 521 (9).

Initially, there were some problems with the slipforming operation. The new mule for the
CGS had never been used before. The first few feet of the CGS that were slipformed
pulled apart, contained rock pockets, and seemed unstable and easily warped away from
plumb. This was due to inadequate vibration during the slipform operation and also due to
the low slump concrete. To counteract this, a bit of water was added to the concrete and the
location of the vibrators was changed.

Considerable patching and finishing were required after the CGS was slipformed,
particularly in the beginning section. Once the finishing was complete, the CGS generally
appeared straight, plumb and consolidated. Itis expected that the ease of slipforming and
the integrity of the CGS would improve as the contractor gained experience with the new
mule. Figure 4 shows the glare screen under construction, and Figure 5 shows it after
hand finishing. Static strength results from concrete test specimens of the CMB and the
CGS are tallied in Appendix E. |

www . fastio.com
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Fi;gure 3: Sli forming Machinery Used in CGS Censtruction
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Figure 4: CGS Under Construction
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T - .Figure 5: Finished CGS
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Page 15

5.1.4 Test Vehicles

The test vehicles complied with NCHRP Report 230 (6). For both tests, the vehicles were
in good condition and free of major body damage and missing structural parts. All
equipment on the vehicles was standard. The vehicles had front mounted engines, rear
wheel drive, and automatic transmissions. Fifty pound steel plates were securely mounted
on both test vehicles to achieve the desired vehicle weights. The vehicle types used in the

tests and the vehicle weights are shown in Table 1.

Total Test
Test No. hicl 1| igh Inertial Weight
|lt_z (ko)l IIQ (kg!l
481 1985 Chevrolet 850 (386) 5390 (2445)
| Pickup
482 1982 Mercury 300 (136) 4360 (1977)
Station Wagon J

Table 1. Test Vehicle Information
(Key Vehicle dimensions are shown in Appendix A)

The vehicles were self-powered; a speed control device maintained the desired impact speed
once it was reached. Remote braking was possible after impact. Guidance of the vehicle
was achieved with an anchored cable which passed through a guide bracket on the right
front wheel of the vehicles. No constraints were put on the steering wheel. A short
distance before the point of impact, the vehicle was released from the guidance cable and
the ignition was turned off. A detailed description of the test vehicle equipment and
guidance system is contained in Appendix A.

Both impacts were on the left (driver) side of the vehicle.

- 5.1.5 Data Acquisition Systems

The impact phase of each crash test was recorded with several high speed movie cameras,
one normal speed movie camera, one black and white sequence camera and one color slide
sequence camera. The test vehicles and test barrier were photographed before and after
impact with a normal speed movie camera, a black and white still camera and a color slide

www . fastio.com
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Camera. A fim report of this project was assembled using edited pomons of the movie
‘coverage.

‘Three accelerometers were attached to the floor of the vehicle near the center of gravity to
‘measure motion in the longitudinal, lateral and vertical directions. Rate gyro transducers

were also placed at this location to measure the pitch, roll and yaw of the vehicle. The

f"é.ccelerometer data were used in calculating the occupant impact velocity.

A Pacific Ihsuuménts Model 5600 digital transient data recorder (TDR) was used for
':recordiug tfansduccr data. The Model 5600 is a 32 channel portable data recorder for field
.: app]icaﬁoné‘and it was mounted in the vehicle. The TDR digitized and recorded transducer
data at a sample rate of 12.5 KHz per channel. The digitized data were transferred to, and

:analyzed by a personal computer The recorded and reduced data are presented in
_'jAppende C '

C Test dumm@és were not used in these tests.

‘Potentiometers were attached to the top of the CGS in the impact area. They measured the
‘dynamic deflections of the CGS during impacts. Appendices B and C contain a detailed
"’description of the photographic and electronic equipment, the camera layout, data collection
-and reductién techniques, and accelerometer records.

5.1.6  Other Tests (X-Ray, Cutout Sections)

“Two tests vs}erc performed to check the integrity of the barrier and its materials. The first
‘one was cutting a couple of typical cross-sections out to check for rebar arrangement and
'fboncrete consolidation. A circular saw was used to cut two six inch thick cross sections
from the barrier. The faces of these cross-sections were smoothed ont afterwards. These
_CTOSS sections showed that the rebars' final position was the same as the plans. They also
.'j showed a hbmogeneous, well consolidated concrete mixture with no air pockets.

"?The second test was a radiography test performed using standard radiographic methods.
f The main purpose of these tests was to locate the rebar in the barrier so that the typical
3 cross-sections could be cut out at an appropriate location along the barrier. The x-rays
‘were also used to check for air pockets in the concrete and to check whether there was any
"cons1derable movement in the rebar during the slipform operation. In addition, they were
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used to check for uniform concrete density along the barrier and also to see whether the
concrete was intimately in contact with the rebars. A secondary purpose of these tests was
to check for cracks in the concrete. '

5.2 TEST RESUL

The records of accelerometer data are contained in Appendix C and a film report showing
the crash tests is available for viewing,

5.2.1 Test 481 [5390 1b (2445 kg)/55.3 mph (89 km/h)/20]

The planned test conditions were 5400 lbs (2450 kg)/60 mph (97 km/h)/20°. The Data
Summary Sheet and photos taken before and after impact are shown in Figures 6 through
8.

5.2.1.1 Impact Description - 481

The left front tire of the vehicle made first contact with the face of the barrier 108 feet (32.9
m) from the upstream end of the barrier. The vehicle impact speed was 55.3 mph (89
kmy/h) and the impact angle was 20°. The vehicle rose about 2.75 feet (0.8 m) above the
ground as evidenced by the marks on the barrier. The left front corner of the vehicle
remained in contact with the barrier for a distance of about 17.2 feet (5.2 m).

The left rear tire touched the lower part of the barrier 111.5 feet (34.0 m) from the upstream
end of the barrier. The highest mark of the left rear tire on the barrier was 37 inches (0.94
m). The length of vehicle contact with the barrier was about 18.3 feet (5.6 m). The body
contact of the vehicle with the concrete glare screen began 80.5 feet (24.5 m) from the
upstream end of the barrier for a Iength of about 11 feet (3.3 m).

The pickup truck was smoothly redirected and lost contact with the barrier at an exit angle
of 6 degrees without exhibiting any tendency to snag or pocket. During barrier impact, the
truck experienced a maximum roll of 13.1 degrees and a pitch of -9.4 degrees. The vehicle
remained upright throughout and after collision. The exit speed was 45.7 mph (73.6
km/h). Exit velocity and angle were measured at the time after impact when the vehicle first
lost contact with the barrier.
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6: Data Summary Sheet for Test 48
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Figure 7: Pre-Impact Photos, Test 481
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Figure 8: Post-Impact Photos, Test 481

C

IhPDF - wwvwy fac



http://www.fastio.com/

ClibPDF -

5. TECHNICAL DISCUSSION (Continued)
Page 21

"The remote brakes were applied after the vehicle lost contact with the barrier and the vehicle
went off the paved area. It rested perpendicularly at 135.3 feet (41.3 m) downsiream from
the downstream end of the test barrier. The maximurn 50 millisecond average accelerations
were -11.3 g's in the lateral direction and -4.6 g's in the longitudinal direction. The values
of occupant impact velocity were 20.6 fps (6.3 m/s) in the lateral direction and 9.9 fps (3.0
my/s) in the longitudinal direction. The ridedown accelerations were -20.7 g's laterally and
1.4 g's longitudinally.

5.2.1.2 Vehicle Damage - 481

The test vehicle was severely damaged with crushing of left side body sheet metal. The
contact pattern was initiated at the left corner of the front bumper which was crushed and
bent during the impact. The grill frame was crushed at its left side and dented at its right.
The grill fell out of the grill frame. The radiator was pushed back to the fan. The hood
was closed and could not be opened. The left door was scraped, jammed and could not be
opened. The left mirror was broken and its frame was bent inward. The left side of the
pickup truck bed was severely scraped and crinkled. The truck bed was twisted causing
two inch differences between the cab and the bed on the truck's left side. On the right hand
side of the vehicle, the front fender was crinkled, the brake light was pushed up and
broken, and the right door was jammed. All tires were flat and torn except the right front
tire. The rim of the left front wheel was bent and the tire came off of the right rear wheel
due to snagging on the guidance bracket. There was no intrusion of vehicle or barrier parts
into the passenger compartment during impact.

5.2.1.3 Barrier Damage - 481

There was no evidence of any structural distress of the CGS or CMB. A few hair like
cracks were observed but were indistingnishable from cracks due to shrinkage. They may
have preexisted the crash. Lateral movement of the CGS was measured during the test;
dynamic deflection was up to 0.39 inches {0.01 m) at the top face, but there was no
permanent deflection.

The only damage to the barrier was a few scrapes and tire marks. The length of gouge
marks on the CGS was 11 ft (3.3 m) and about 12 ft (3.6 m) on the CMB.
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"The tire matks Of the 1o7; Front wheel SCuriod a longth of 5.2 Toet (1.6 m) on the CMB. The.

left rear tire marks were 11.4 feet (3.5 m) long on the CMB and 2.5 feet (0.76 m) on the
CGS. "

"5.2.2 : Test 482 [4360 1b (1977 kg)/56.2 mph (90.4 km/h)/25°]

“The planned test conditions were 4500 1bs (2041 kg)/60 mph (97 km/h)/25°. The Data

Summary Sheet and photos taken before and after impact are shown in Figures 9 through
11 .

3.2.2.1 ) - Impact Description - 482

Thc left front bumper of the vehicle first contacted the barrier face 49.2 feet (15 m) from the

upstream end of the barrier. The measured impact speed was 56.2 mph (90.4 km/hr), at an
J.mpact angle of 25 degrees. The left front tire initially contacted the lower part of the CMB

50.3 feet from the upstream end. The highest mark on the barrier was 32 inches (0.8 m).
The body contact with the CMB extended for a length of 12.5 feet (3.8 m) starting 49.3
feet (15 m) from the upstream end of the barrier. The length of the body contact with the
‘CGS began 50.8 feet (15.5 m) from the upstream end of the barrier.

B

‘The test vehicle was sinoothly redirected without exhibiting any tendency to snag or pocket

w1th an exit angle of 5 degrees. It remained upright throughout and afier collision. The
ex1t vclocny was 56.2 mph (90.5 km/hr). Exit velocity and angle are measured at the time

after i impact ‘when the vehicle loses contact with the barrier.

Dunng redirection, the test vehicle experienced a maximum positive roll of 18 degrees and

a positive pitch of 5 degrees (see sign convention figure in Appendix C.) The remote
brakes wete apphed after the vehicle lost contact with the barrier and the vehicle went off
‘the paved area. It came to rest 118 feet (36 m) downstream from the end of the CGS and

_60 feet (18.3 m) behind it.

The maxzmum 50 millisecond average accelerations were -6.6g's in the longitudinal
dJrectlon and -10.0 g's in the lateral direction. The values of occupant impact velocity were

212 fps in the lateral direction and 21.9 fps in the longitudinal direction. The ridedown
7_:_acce1erations were -16.3 g's laterally and -5.5 g's longitudinally.
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Figure 9: Data Summary Sheet for Test 482
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Occupant Impact Velocity: 21.2 fps long. / 21.9 fps lat, : 2 ;
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. Max. 50 ms Avg. Accel.: -6.6 g's long. /-10 g's lat.
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Max. Roll, Pitch & Yaw: 189/5°/0°
Barrier Displacement: 0 inch
Max. Dynamic Deflection: 0.21 inch
Barrier Damage: Few hair-like cracks, scrapes and tire marks.

ClibPDF - www .fastio.com


http://www.fastio.com/

(Continued)

5. TECHNICAL DISCUSSION
) Page 24

N Fi‘gureIIO: Pre-Impact Photos, Test 482
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Figure 11: Post-Impact Photos, Test 482
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5.2.2.2 ‘ - Vehicle‘ Damage - 482

The test vehicle was severely damaged. The sheet metal on the left side of the body was
crushed and the front bumper was disconnected from the car. The contact pattern initiated
at the left corner of the front burnper resulted in the left shock bolts (bolts attaching shock
?bsorber to body) being completely sheared off during the impact. Consequently, the
éntire bumper was torn off and thrown 21 feet (6.4 m) away from the barrier face and 35
feet (10.7 ni)_ from the downstream end of barrier. The grill frame was crushed at its left
side and cracked at its right. The radiator was pushed back to the fan. The hood was
closed and could not be opened; one of the hood hinges was broken. The whole front part
of the car was moved toward the right. The first target on the hood was displaced 7.5
inches (0.2 m) as compared to the car centerline. The left door was scraped, jammed and
could not be opened. The left front fender was severely scraped and crinkled, and moved
‘back about two inches (0.1 m). The left rear door was scraped; the left door post was torn
alrnost loose at the roof. The right front fender was crinkled and broken. The right door
was jammed. The roof over the door posts was crimped. The left front tire was flat and
torn. All wheels had restricted movement due to front and rear axle failure.

Vehicle debris covered an area 135 feet (41.2 m) long starting at the impact point and 24
feet (7.3 m) wide, 21 feet (6.4 m) in front of the barrier and three feet (0.9 m) behind it.
There was no intrusion of vehicle or barrier parts into the passenger compartment during
impact.

5.2.2.3 . Barrier Damage

“There was n6 evidence of any structural distress of the CGS or CMB. The only damage
imparted to the barrier was minor extension of a few preexistent hair line cracks. About
e1ght hair like cracks one to four and a half inches long developed on the top face of the
'CGS overa 1ength of 3.5 feet upstream from the 60-foot mark. A preexisting crack root on
the barrier face at about 60 feet from barrier upstream end went on for an additional one and
-la half inches. Two preexisting contraction cracks on the back of the barrier branched out
“five hair hkc cracks three to four inches long. These preexisting cracks were located at 0.4
_‘and 6.4 feet downstream from the 60-foot mark.

:The leng'th'of gouges from the vehicle on the CGS was 10 ft and about 12.5 ft on the
CMB. The tire marks covered a length of 10 1/2 feet on the CMB. An oil spill on the
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barrier face covered a length of about nine feet starting at 4.7 feet downstream from the 50-
foot mark. ' :

The maximum dynamic lateral displacement was 0.21 inches (5.3 mm) measured 1/2 inch
from the top, and there was no permanent deflection.

. 5.3 DISCUSSION OF TEST RESULTS

5.3.1 General - Safety Evaluation Guidelines - NCHRP Report
' 230

Three evaluation factors were used in judging the impact test performance of the test
barrier, as recommended by NCHRP Report 230 (6). These factors are: (1) structural
adequacy. (2) occupant risk, and (3) vehicle trajectory. Tests 481 and 482 were
performed to verify the structural adequacy of the CGS. The occupant risk and vehicle
trajectory requirements were satisfied in other N.J. shape barrier tests. Nevertheless, they
were analyzed in these tests for comparison with past tests.

5.3.2 Structural Adequacy

The structural adequacy was evaluated by comparison of test results with the following
criteria from Table 6 of NCHRP Report 230 (6).

"A.  Testarticle shall smoothly redirect the vehicle; the vehicle shall not penetrate
or go over the installation, although controlied lateral deflection of the test
article is acceptable.

D. Detached elements, fragments or other debris from the test article shall not
penetrate or show potential for penetrating the passenger compartment or
present undue hazard to other traffic."

' These criteria were met completely in both Test 481 and 482. The CMB/CGS

demonstrated its ability to retain and redirect the test vehicles under different impact
conditions. Vehicle redirection was very smooth in both tests. The vehicles were
adequately redirected without penetration, and the overall adequacy of the barrier and the
concrete glare screen were demonstrated. In these tests there was no evidence of any
structural distress of the barrier; however, there were some minor surface cracks. No
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pieces of the barrier were broken, and no portions of the barrier showed potential for
penetrating the passenger compartment. Both Test 431 and 482 were performed on the
same barrier with impact points 50 ft apart. Lateral movement of the CGS was measured
during the tést; dynamic deflection was up to 0.2 inches, but there was no permanent
deflection.

5.3.3 * Ocenpant Risk

The occupant risk was evaluated by comparison of test results with the following criterion

from Table 6 of NCHRP Report 230 (6).

"E. - The vehicle shall remain upright during and after collision although
moderate roll, ”pitching and yawing are acceptable. Integrity of the
passenger compartment must be maintained with essentially no deformation
‘or intrusion."

. Table 2 shows maximum roll, airtborne distance, and maximum 50ms average accelerations
‘: for both test 481 and 482. Included in the table, for comparison, are similar data from

previous tests on concrete safety shape barriers tested by Caltrans. Note that the magnitnde

_of roll in test 481 and 482 is generally lower than in some other tests of concrete safety
. shape barriers. In both tests the amount of roll and pitch may be considered low to
- moderate. Neither of the two test cars showed any indication of being close to rollover.
There was no déformation or intrusion into the passenger compartment.

~ The values of longitudinal occupant impact velocity in Test 481 and 482 were lower than
" the NCHRP recommended maximum value and aiso lower than in some other Caltrans
" tests on concrete median barriers. Limiting values of occupant impact velocity are given in
. Criterion F; however, they apply only to lightweight car tests. Nevertheless, the values
- were calculated and are reported here for comparison with those in similar tests.

_ The second part of Criterion F in NCHRP Report No. 230 calls for a highest 10ms.
average value of longitudinal and lateral vehicle acceleration of 15 g's after the theoretical
occupant/compartment impact occurs, In both tests, (481 and 482), these values were less
" than 15 g's for a 10 ms duration as determined by inspection of the acceleration vs time plot
~ (Appendix C). ‘
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Values of occupant impact velocity were not reported for the previous Caltrans tests on
CMB because they were conducted before 1981 when NCHRP Report 230 was first
published. Occupant Impact Velocities were introduced for the first time in that report. The
maximum 50 ms average value of acceleration is a comparable measurement and was
reported for all previous Caltrans CMB tests. These values for the CMB/CGS in tests 481
and 482 are generally less than the values for the previous tests with similar test conditions.
Hence, it can be concluded that the occupant risk for the CMB/CGS barrier is no worse
than that for the Caltrans standard CMB.

‘et ] Year | Reference # eigt / Speed peed / Airborne Max. 50 ms Accel
" { Angle | Angle | Dist. (f)) Rolt Long.
s:m% %5.5/ 45719 ] 131 36g
738073637 36.273 7 1z 6o
25.0
20171972 10 4564 /61 /9.5 na /0 na na Ubg
262711972 10 49627%?9 7 57 /na 1] na T0g
SATISTE 10 4332b5} il T3 yio T %)
L WECK T T/ 65770 34718 na 18 TZg
20271072 11 4860/ 657 na /oa ) 61 BRg
23.0
29371973 11 43’% 7 0661 na / na &0 13 1288
WATISTE I #100, 7 7 YL i3 5 a—
TI0T% 12 A0 TRT | 307138 1) %3 7%
27.0 :
32171576 13 4700 /61 /26 4577 5 48 4.4

Table 2: Comparison of CGS Tests 481 and 482 to
Concrete Safety Shape Barriers Tested By
Caltrans

It should be noted that none of the above means of evaluating the occupant risk are exact
methods of predicting injury levels during impacts. NCHRP Report 230 states that
"Whereas the highway engineer is ultimately concerned with safety of the vehicle
occupants, the occupant risk criteria should be considered as the guidelines for generally
acceptable dynamic performance. These criteria are not valid, however, for use in
predicting occupant injury in real or hypothetical accidents". The explanation is given that
"relationship between vehicle dynamics and probability of occupant injury and degree of
injury sustained is tenuous, because it involves such important but widely varying factors
as occupant physiology, size, seating position, restraint, and vehicle interior geometry and
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pﬂadding". However, low occupant impact velocity and ridedown acceleration values
indicate relaﬁvely safe roadside safety features.

5.3.4 . Vehicle Trajectory

The vehicle trajectory was evaluated by comparison of test results with the following
criteria from Table 6 of NCHRP Report 230 (6):

"EL.  After collision, the vehicle trajectory and final stopping position shail
" intrude a mlmmum distance, if at all, into adjacent traffic lanes.

” I.  Intests where the vehicle is judged to be redirected into or stopped while in
* adjacent traffic lanes, vehicle speed change during test article collision
should be less than 15 mph and the exit angle from the test article should be
less than 60% of test impact angle, both measured at time of vehicle loss of

~ contact with test device." “

The same report stresses that "trajectory evaluation for redirectional type of tests is focused
on the vehmle at the time it loses contact with the test article, and the subsequent part of the

) tra_]ectory is not evaluated”. The exit angles for both tests did not exceed the recommended

upper limit of 60 percent of the impact angle (6).

&'he vehicle speed change was less than the 15 mph (24.2 km/h) limit for both tests (481
‘and 482). These low changes in vehicle speed correspond to the relatively low values of
-1ongitudina1'§ehicle acceleration.

'Regardless of speed change and exit angles, the barrier demonstrated its ability to retain a
_vehwle under very severe impact conditions, There was no tendency to pocket or snag the
A':vehlcle

"'The vehicle i)ost impact trajectories followed the same patterns in both tests (481 and 482).
The vehicles were redirected toward the line of the barrier. Following the barrier impact,
‘both vehicles rebounded from the barrier in a disabled condition and traveled 118 to 135
:j'feet before coming to a stop. The final positions were across the line of the barrier. If the
;bamer had extended further downstream, the vehicle would have impacted it a second time
m both tests. The differences in vehicle trajectory may be attributed to variations in the
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timing of brake application and vehicle characteristics, such as weight distribution,
suspension system, tires, vehicle stability after impact, and vehicle damage.

For both tests, the post impact trajectory was as expected for a longitudinal concrete median
barrier with or without concrete glare screen. NCHRP Report No. 230 (6) points out, "the
after collision trajectory may be one of the least repeatable performance factors” and there is
no assurance that existing hardware or certain classes of appurtenances will perform within
NCHRP Report 230 limits for exit angle and speed.

In summary the CMB/CGS did meet the vehicle trajectory requirements of NCHRP Report
230 (6).

5.3.5 Concrete Median Barriers - Standard Design in
California

Concrete safety shape barriers were approved for use in narrow medians in California in
1971. This barrier has long been the standard for new installations and for replacement of
older types. Approximately one-half of the total median barrier inventory in California is
concrete barrier (8). The Type 50 Concrete Median Barrier has the highest percentage of
unreported accidents since, in flat angle collisions with this barrier, most vehicles are
redirected by the safety shape with no damage and can be driven away. This is also the
cleanest barrier, with no projections to collect debris (2). Comparison of test results from
Tests 481 and 482 with test results from the standard Caltrans CMB design show that the
new CMB/CGS design when added to the Type 50 CMB, does not degrade the
crashworthiness of the Type 50 CMB. There does not appear to be any degradation in
crashworthiness due to the addition of 2 CGS to the standard CMB.

5.3.6 Glare Screen Design

No major changes were made to the CGS design after construction and testing. The cross-
sections showed a homogeneous, well consolidated concrete mixture with no air pockets.
In addition, the x-ray tests showed no considerable change in the location of the rebars
during the slipforming operation. The x-rays also showed a uniform concrete density with
good contact between the concrete and the rebars. The only change made to the plans was
modifying the design to use vertical rebars instead of wickets. This provides for better
consolidation of the concrete without altering the strength of the barrier considerably.
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“Test Vehicle Equipment and Cable Guidance System

The test vehicles were modified as follows for the crash tests:

www . fastio.com

The gas tanks on the test vehicles were disconnected from the fuel supply
line and drained. Shortly before the test, dry ice was placed in the taoks of
the test vehicles as a safety precaution to drive out the gas fumes. A one-
gallon (3.78 L) safety gas tank was installed in the vehicles and connected
to the fuel supply line.

Six 12-volt wet cell motorcycle storage batteries were mounted in the
vehicle. Two supplied power to a high-speed camera and lamps located
inside the vehicle. Another pair of batteries operated the solenoid-valve
braking system and other test equipment in the vehicle. The third pair of
batteries powered the PACDAS data acquisition system.

The gas pedal was linked to a small cylinder with a piston which opened the
throttle. The piston was started by a hand thrown switch on the rear fender
of the test vehicle. The piston was connected to the same CQO2 tube used for
the brake system, but a separate regulator controlled the pressure.

A speed control device connected between the negative side of the coil and
the vehicle battery regulated the speed of the test vehicle based on
speedometer cable output. This device was calibrated prior to the test by
conducting a series of trial runs through a speed trap composed of two tape
switches set a known distance apart and connected to a digital timer.

A cable guidance system directed the vehicle into the barrier. The guidance
cable, anchored at each end of the vehicle path to a threaded coupler
embedded in a concrete footing, passed through a guide bracket bolted to
the spindle of the front wheel of the vehicle. A steel knockoff bracket,
anchoring the end of the cable closest to the barrier to a concrete footing,
projected high enough to knock off the guide bracket, thereby releasing the
vehicle from the guidance cable before impact.


http://www.fastio.com/

APPENDIX A (Continued)
Page A2

A microswitch was mounted below the front buraper and connected to the
ignition system. A trip plate on the ground near impdct triggered the switch
when the car passed over it, thus opening the ignition circuit and cutting the
vehicle engine before impact.

A solenoid-valve actuated CO2 system controlled remote braking after
impact or emergency braking any other time. Part of this system was a
cylinder with a piston which was attached to the brake pedal. The pressure
operaﬁng the piston was set during trial runs to stop the test vehicle without
locking the wheels. When activated, the brakes were applied in less than
100 milliseconds.

The remote brakes were controlied at the console trailer. A cable ran from
the console trailer to the electronic instrumentation trailer. From there, the

‘remote brake signal was carried on one channel of the tether line which was

connected to the test vehicle. Any loss of continuity in these cables
activated the brakes and cut off the ignition antomatically. Also, when the
brakes were applied by remote control from the console trailer, the ignition
was automatically cut off.

‘:Figures A_l and A2 on the followin g pages show the vehicle dimiensions. Dimensions were
‘measured.
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Figure A2: Vehicle Dimensions, Test 482
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PHOTO - INSTRUMENTATION

Several high-speed movie cameras recorded the impact during the crash test. The types of
cameras and their locations are shown in Figure B1.

All of these cameras were mounted on tripods except three cameras that were mounted on a
35-foot (10.7 m) high tower directly over the point of impact on the test barrier.

These cameras were connected by cables to a console trailer near the impact area which
contained eight 12-volt batteries. Most of the cameras were turned on remotely from a
control panel on the trailer. The test vehicle and test barrier were photographed before and
after impact with a normal speed movie camera, a black and white still camera and a color
slide camera. A film report of this project has been assembled using edited portions of the
movie coverage.

Following are the pretest procedures that were required to enable film data reduction on a
Vanguard Motion Analyzer:

* Butterfly targets were attached to the top and sides of the test vehicles. The
target locations are shown in Figures Al and A2. The targets established
scale factors and horizontal and vertical alignment. The test barrier was
targeted with black and white tape also.

* Flashbulbs, mounted on the test vehicle, were electronically flashed to
establish (a) initial vehicle to barrier contact, and (b) the application of the
vehicle brakes. The impact flashbulbs have a delay of several milliseconds
before lighting up.

* Five tape switches, placed at 10-foot (3.05 m) intervals, were attached to
the ground perpendicular to the path of the impacting vehicle near the
barrier. Flash bulbs were activated sequentially when the tires of the test
vehicle rolled over the tape switches. The flashbulb stand was placed in
view of most of the data cameras. The flashing bulbs were used to correlate
the cameras with the impact events; and to calculate the impact speed
independent of the electronic speed trap. The tape switch layout is shown in
Figure B2. All high-speed cameras had timing light generators which

www . fastio.com
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exposed red timing pips on the film at a Tatc of 1000 per second. The pips
were used to determine camera frame rates and to establish time-sequence
relationships.
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Cam. | Film Camera _ Coordinates, fi.
No. | mm Rate: Test 481 Test 482
Type Frames/s.] X Y | X Y

1| 16 |PHOTOSONICS 400 NA| 15 NA 15
2| 16 |REDLAKE - LOCAM 400 NA NA NA NA
3| 16 |PHOTOSONICS 400 NA| -15 NA| -1.5
4| 16 |PHOTEC 400 1.5 11068 NA H118.0
5| 16 |REDLAKE - LOCAM 400 NA NA NA }132.0
6| 16 |REDLAKE - LOCAM 400 NA NA NA NA
7| 16 |REDLAKE - LOCAM 400 | 118.5 NA1114.0 H108.0
8| 16 |REDLAKE - LOCAM 400 823| 272 88.0 NA
91 16 |REDLAKE - LOCAM 400 55.0| 402 68.0] 42.0
10| 16 |REDLAKE - LOCAM 400 NA|261.2 NA|178.0
11} 35 |HULCHER 35 20 NA|261.2 NA]178.0
12| 16 |REDLAKE - LOCAM 400 | -58.0| 28.2 NA NA

Figure B1: Camera Layout
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TElectronic Instrumentation and Data

Three unbonded strain gage accelerometers (Statham) measured acceleration in the
longitudinal, lateral and vertical directions. They were near the longitudinal and lateral
center of gravity of the vehicles. These accelerometers were mounted on a small
rectangular steel plate which was bolted to another steel bracket that was welded to the
floorboard. Figures Al and A2 show the location of these accelerometers. Table C1 gives
information on the accelerometers used. Figure Cl shows the sign conventions for the

vehicle accelerometers.

TYPE LOCATION RANGE ORIENTATION
STRATHAM VEHICLE C.G. 100G LONGITUDINAL
STRATHAM VEHICLE C.G. 100 G LATERAL
STRATHAM VEHICLE C.G. 560G VERTICAL
HUMPHREY VEHICLE C.G. 180 DEG/SEC ROLL
HUMPHREY VEHICLE C.G. 90 DEG/SEC PITCH
HUMPHREY VEHICLE C.G. 180 DEG/SEC YAW

Table C1: Accelerometer And Rate Gyro Data

www . fastio.com

Figure C1: Vehicle Acceleration Sign Convention
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Data from the accelerometers in the test vehicle were wansmitted throngh a 1000-To0t

£(304.8m) Belden number 8776 umbilical cable connecting the vehicle to a 14 channel

‘Hewlett Packard 3924C magnetic tape recording systém. This recording system was in an
L.‘insirumentétion trailer at the test control area. The accelerometer data were also recorded on
‘a Pacific Instruments digital data recorder (PACDAS) which was mounted in the vehicle.
The PACDAS data were reduced using a microcomputer.

“Three pressure-activated tape switches were placed on the ground in front of the test
barriér. They were spaced at carefully measured intervals of 12 feet (3.7 m). When the
“test vehicle tires passed over them, the switches produced sequential impulses or “event
blips" which were recorded concurrently with the accelerometer signals on the tape recorder
‘and served as "event maikers“. These signals were also transmitted back to the PACDAS
“through the umbilical cable. A tape switch on the front bumper of the vehicle closed at the
‘instant of impact and activated flash bulbs mounted on the vehicle. The closure of the
‘bumper switch also pi:t a "blip" or "event marker" on the recording tape and PACDAS. A
“time cycle was recorded continuously on the tape and PACDAS with a frequency of 500
‘cycles per second. The impact velocity of the vehicle could be determined from the tape
“switch impulses and timing cycles. Two other tape switches connected to digital readout
‘equipment were placed 12 feet (3.7 m) apart just upstream from the test barrier specifically
‘to determine the impact speed of the test vehicle immediately after the test was completed.
-The tape sWitch layouts are shown in Appendix B in Figure B2,

“The data curves are shown in Figures C2 through C8 and include the accelerometer and rate
“gyro records from the vehicle for Tests 481 and 482. They also show the longitudinal
“velocity and displacement vs. time. These plots were needed to calculate the occupant
“impact velocity defined in Reference 6. All curves were calculated using the PACDAS.

“The occupant impact velocity is theoretical; however, on the plot of distance vs. time, the
“curves can be visualized as representing the car windshield and the driver's head. It is
.éssumed that the head starts out two feet (0.6m) behind the windshield. The point where
the curves cross represents the impact between the head and the windshield because the
windshield has slowed down from the impact velocity, but the head has not. The time
when the windshield/head impact occurs (rattle space time) is carried to the plot of velocity
‘vs. time. The occupant impact velocity is the difference between the vehicle impact velocity
.and the vehicle velocity at the end of the rattle space time.
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Figure C2: Test 481 - Vehicle Accelerations
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Figure C4: Test 481 - Vehicle Accelerations
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Figure C6: Test 482 - Vehicle Accelerations
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Figure C7: Test 482 - Vehicle Accelerations
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Figure C8: Test 482 - Vehicle Accelerations
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'fhe vehicle accelerometers were used in determining the occupant impact velocity.

Rate gyros were mounted next to the vehicle accelerometers. They measured the rate of
angular change (angular velocity) of the vehicle in the roll, pitch, and yaw directions.
Table C1 givé information on the rate gyros used. Figure C1 shows the sign convention
for the rate gyros. The data from these transducers were transmitted on the same umbilical
cable as the vehicle accelerometers and were also recorded on PACDAS. The rate gyro
data were integrated to obtain a curve of angle position versus time after impact so the
mammum value of roll, pitch and yaw could be determined.
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Test Barrier Materials Tests

Both the rebar and the concrete that were used in the construction of the CMB and CGS
were tested for compliance with ASTM and Caltrans specifications. The rebar was tested in

. accordance with ASTM A615-60 which it passed. Static strength tests were performed on
concrete samples from the CGS and the results are the following:

Sample Age Static Strength
(Days) (psi)
5 2960
7 3440
| 14 3870
36 4240

The concrete was 4 to 5 months old when the crash tests were performed.
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